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@  Push-pull  driver  circuit  and  Ks  use  in  a  programmed  logic  array. 

A  push-pull  driver  circuit  wherein  the  input  signal  (1) 
is  applied  to  turn  on  one  (6)  of  two  transistors  (5,  6) 
mounted  in  series  and  the  inversion  of  that  signal  is  appli- 
ed  to  the  second  transistor  (5)  in  the  series  path  and  the 
output  taken  from  between  then  operates  to  isolate  the 
load  and  since  one  and  only  one  of  the  two  transistors 
in  the  series  path  is  conducting  there  is  a  path  to  charge 
and  discharge  the  load  capacitance  (3)  but  no  path 
through  both  devices  for  power  dissipation.  The  driver 
circuit  can  be  built  into  a  2-bit  partitioning  circuit  (23) 
which  in  turn,  when  used  with  a  programmed  logic  array 
(20)  and  the  relative  capacitance  of  the  various  parts 
being  isolated  from  each  other  byacoupling  circuit  (54) , 
the  resulting  assembly  provides  a  high  performance  pro- 
grammed  array  logic  device. 



The  i n v e n t i o n   r e l a t e s   to  a  p u s h - p u l l   d r i v e r   c i r c u i t  

d e s i g n e d   to  d r i v e   a  l o a d   h a v i n g   a  c a p a c i t a n c e ,   and  t o  

i t s   use   in  a  p r o g r a m m e d   l o g i c   a r r a y .  

P r o g r a m m e d   l o g i c   a r r a y s   have   b e e n   a s s e m b l e d   in   v a r y i n g  

c o n f i g u r a t i o n s   b u t   as  t h e   a r t   has   d e v e l o p e d ,   t h e   a r r a y s  

p r e s e n t l y   in  u se   c o n s i s t   of  a  l a r g e   "AND"  c i r c u i t   m a t r i x  

c o m m o n l y   known  as  a  "SEARCH"  s e c t i o n ,   t h e   o u t p u t s   o f  

w h i c h   e n t e r   w i t h   "OR"  c i r c u i t   m a t r i x   s e c t i o n   c o m m o n l y  
known  as  a  "READ"  s e c t i o n .   In  r e c e n t   t i m e s ,   to  t h i s  

a r r a n g e m e n t   has   b e e n   a d d e d   a  s e c t i o n   known  as  a  

"PREARRAY  LOGIC"  s e c t i o n   w h i c h ,   in  e s s e n c e ,   t a k e s   t h e  

p a r t i c u l a r   i n p u t   b i t s   and  p r o v i d e s   on  s e p a r a t e   l i n e s  

a l l   of  t h e   l o g i c a l   c o m b i n a t i o n s .  

One  d e s c r i p t i o n   of  t h e   p r o g r a m m e d   a r r a y   l o g i c   i s   t h a t  

i t   a c t s   l i k e   a  memory  in  t h a t   when  i t   s e e s   or   h a s  

i m p r e s s e d   a t   t h e   i n p u t   a  b i t   p a t t e r n ,   t h a t   b i t   p a t t e r n  

i s   u s e d   as  an  a d d r e s s   in   t h e   "SEARCH"  s e c t i o n   and  t h e n  

t h e   a r r a y   t h r o u g h  t h e   "READ"  s e c t i o n   p r o d u c e s   a  b i t   a t  

t h e   o u t p u t   w h i c h   i s   i n d i c a t i v e   of  t h e   t y p e   of  b i t  

p a t t e r n   i m p r e s s e d   a t   t h e   i n p u t   and  t h e   s p e c i f i c   i n t e r -  

c o n n e c t i o n s   or  p e r s o n a l i t y   of  t h e   "SEARCH"  and  "READ" 

a r r a y s .   P r o g r a m m e d   a r r a y   l o g i c   d e v i c e s   a r e   u s e d  

p r i m a r i l y   to   r e d u c e   t h e   d e s i g n   c o m p l e x i t y   by  u s i n g  

b u i l d i n g   b l o c k s   w h i c h   a r e   s u b s t a n t i a l l y   l a r g e r   t h a n  

s i n g l e   c i r c u i t s .   The  p r o g r a m m e d   a r r a y   l o g i c   or  PLA 

w h i c h   i s   r e l a t i v e l y   s i m p l e   to   d e s i g n ,   i s   a l s o   c a p a b l e  
of  p e r f o r m i n g   d e v e r s e   l o g i c   f u n c t i o n s .   In  l a r g e   s c a l e  

i n t e g r a t i o n   as  t h e   s t r u c t u r e s   become   more  c o m p l e x ,   t h e  

c o s t   g o e s   up  and  more  v a r i e d   u s e s   f o r   t h e   s t r u c t u r e   a r e  

n e e d e d   to  p r o v i d e   l a r g e   e n o u g h   p r o d u c t i o n   r u n s   to  k e e p  



t h e   c o s t   down.   F u r t h e r ,   t h e r e   a r e   w h a t   i s   known  a s  

e n g i n e e r i n g   c h a n g e s   w h i c h   a r e   s t r u c t u r a l   c h a n g e s   a f t e r  

t h e   s t r u c t u r e   i s   b e i n g   m a n u f a c t u r e d .   The  p r o g r a m m e d  

a r r a y   l o g i c   i s   u s e f u l   in   t h i s   c a s e .  

T h e r e   i s ,   h o w e v e r ,   in  t h i s   s t a t e   of   t h e   a r t   a  p r o b l e m  

w i t h   t h e   e f f e c t   of  a r r a y   c a p a c i t a n c e   on  p e r f o r m a n c e  

and  t h e r e   i s   a  n e e d   f o r   a  p r o g r a m m e d   a r r a y   l o g i c  

a s s e m b l y   w h e r e i n   t h e   e f f e c t i v e   c a p a c i t a n c e   as  t h e  

l a r g e r   a r r a y s   a r e   a s s e m b l e d ,   has   a  l e s s e r   e f f e c t   o n  

t h e   o v e r a l l   d e l a y   of  t h e   d e v i c e .  

One  t y p e   of  i s o l a t i n g   c i r c u i t r y   i s   s e t   f o r t h   in   t h e  

t e c h n i c a l   p u b l i c a t i o n   of  Eugen   M  B l a z e r   and  D o n a l d   A 

C o n r a d   in  a  1978  IEEE  I n t e r n a t i o n a l   S o l i d   S t a t e  

C i r c u i t s   C o n f e r e n c e .  

The  g e n e r a l   p r o b l e m   of   d r i v i n g   a  l o a d   h a v i n g   a  c a p a -  
c i t a n c e   c o m p o n e n t   i s   s o l v e d   by  t h e   u se   of  a  p u s h - p u l l  

d r i v e r   c i r c u i t   as  d e s c r i b e d   in   a t t a c h e d   c l a i m   1 

The  more   s p e c i f i c   p r o b l e m   of  t h e   a r r a y   c a p a c i t a n c e  

and  i t s   e f f e c t   on  s i g n a l   d e l a y   in   a  p r o g r a m m e d   l o g i c  

a r r a y   i s   s o l v e d   by  u s i n g   p u s h - p u l l   d r i v e r   c i r c u i t s   i n  

t h e   p r e a r r a y   l o g i c   s e c t i o n   of  t h e   a r r a y   as  d e s c r i b e d  

in   a t t a c h e d   c l a i m   5.  A  f u r t h e r   i m p r o v e m e n t   of  t h e  

a r r a y   o p e r a t i o n   in   t h i s   c o n n e c t i o n   i s   t h e   u s e   of  a n  

i s o l a t i o n   c i r c u i t   b e t w e e n   t h e   SEARCH  and  t h e   READ 

s e c t i o n   as  d e s c r i b e d   in  t h e   a t t a c h e d   c l a i m   7 .  

B r i e f   D e s c r i p t i o n   of  D r a w i n g s .  

F i g .   1  i s   an  i l l u s t r a t i o n   of   t he   p u s h - p u l l   d r i v e r   o f  

t h e   i n v e n t i o n .  



F i g .   2  i s   an  i l l u s t r a t i o n   of  t h e   g e n e r a l   l a y o u t   o f  

a  p r o g r a m m e d   a r r a y   l o g i c   s t r u c t u r e .  

F i g .   3  i s   a  g r a p h   p l o t t i n g   d e l a y   in  a  p r o g r a m m e d   a r r a y  

l o g i c   c i r c u i t   v e r s u s   t h e   c a p a c i t a n c e .  

F i g .   4  i s   an  i l l u s t r a t i o n   of  a  p r e a r r a y   l o g i c   s e c t i o n  

of  t h e   s t r u c t u r e   of  F i g .   2 .  

F i g .   5  i s   a  c i r c u i t   i l l u s t r a t i o n   of  one  p o r t i o n  

of  F i g .   4  in  c o r p o r a t i n g   t h e   p u s h - p u l l   d r i v e r   of  F i g .   1 .  

F i g .   6  i s   a  r e p e a t   of  F i g .   5  f o r   t h e   e n t i r e   i n t e r -  

c o n n e c t i o n   a r r a n g e m e n t   of  F i g .   4 .  

F i g .   7  i s   an  i l l u s t r a t i o n   of   an  i s o l a t i o n   t y p e   c o u p l i n g  

u s e d   b e t w e e n   t h e   s e c t i o n s   of  t h e   a r r a y   l o g i c   of  F i g .   2 .  

F i g .   8  i s   an  i l l u s t r a t i o n   of  a  p r o g r a m m e d   a r r a y   l o g i c  

s t r u c t u r e   s h o w i n g   t h e   i s o l a t i o n   a r r a n g e m e n t .  

R e f e r r i n g   to  F i g .   1,  t h e   f i e l d   e f f e c t   t r a n s i s t o r  

p u s h - p u l l   d r i v e r   i s   i l l u s t r a t e d .   A  s i g n a l   a t   an  i n p u t  

t e r m i n a l   1  o p e r a t e s   to  p r o d u c e   an  o u t p u t   s i g n a l   a t   a  

t e r m i n a l   2  w i t h   t h e   c h a r a c t e r i s t i c s   t h a t ,   in  t h e  

o u t p u t   s t a g e   of  t h e   d r i v e r ,   t h e r e   i s   a l w a y s   a  p a t h  

w h i c h   o p e r a t e s   to  c h a r g e   or   d i s c h a r g e   t h e   l a r g e   c h a r a c -  

t e r i s t i c   c a p a c i t a n c e   of  t h e   l o a d   b e i n g   d r i v e n   s h o w n  

d o t t e d   as  e l e m e n t   3.  T h i s   i s   a c c o m p l i s h e d   in  a c c o r d a n c e  

w i t h   t h e   i n v e n t i o n   by  h a v i n g   a  p u s h - p u l l   t y p e   of  o u t p u t  

s t a g e   f rom  a  r e f e r e n c e   p o t e n t i a l   t e r m i n a l   l a b e l l e d   4 .  

Two  FET  t r a n s i s t o r s   5  and  6  a r e   c o n n e c t e d   in  s e r i e s  

f rom  s o u r c e - t o - d r a i n   to  a  d r i v e   p o t e n t i a l   a t  t e r m i n a l  

7  l a b e l l e d   V.  The  i n p u t   s i g n a l   a p p e a r i n g   a t   t h e  

t e r m i n a l   1  i s   a p p l i e d   to  t h e   g a t e   10  of  t r a n s i s t o r   11  



w h i c h   i s   c o n n e c t e d ,   s o u r c e - t o - d r a i n ,   b e t w e e n   t h e   r e f e r -  

e n c e   p o t e n t i a l   t e r m i n a l   12  t h r o u g h   a  l o a d   i m p e d a n c e   13 

to  a  d r i v e   p o t e n t i a l   t e r m i n a l   14  l a b e l l e d   V.  U n d e r  

t h e s e   c i r c u m s t a n c e s ,   t h e   i n p u t   s i g n a l   a p p l i e d   to  g a t e  

10  i s   i n v e r t e d   and  t h e n   v i a   c o n d u c t o r   15  and  i s   a p p l i e d  

a t   g a t e   16  of  t r a n s i s t o r   5.  The  r e s u l t   of  t h i s  

s i t u a t i o n   i s   t h a t   t h e   i n p u t   s i g n a l   i s   a p p l i e d   to  t h e  

s e r i e s   t r a n s i s t o r   6  d i r e c t l y   and  to  t r a n s i s t o r   5  i n -  

v e r t e d   so  t h a t   in  one  i n p u t   c o n d i t i o n   one  or  t h e   o t h e r  

of   t r a n s i s t o r s   5  or  6  i s   "On"  and  when  t h e   i n p u t   s i g n a l  

i s   in   t h e   o t h e r   c o n d i t i o n   t h e   o p p o s i t e   one  of  t r a n s i s -  

t o r s   5  or  6  i s   "On".   T h i s   r e s u l t s   in  a  p a t h   a l w a y s  

b e i n g   p r e s e n t   f o r   t h e   c a p a c i t o r   3  t o   c h a r g e   or   d i s -  

c h a r g e .   H e n c e ,   t h e   c h a r a c t e r i s t i c   l o a d   c a p a c i t a n c e . 3  

i s   a l w a y s   d i s c h a r g e d   t h r o u g h  t r a n s i s t o r   5  and  c h a r g e d  

t h r o u g h   t r a n s i s t o r   6.  T r a n s i s t o r s   5  and  6  can   b e  

s e l e c t e d   to  m e e t   t h e   r e q u i r e m e n t s   of  d r i v i n g   a  c h a r a c -  

t e r i s t i c   l o a d   c a p a c i t a n c e   as  shown  by  c a p a c i t o r   3.  T h i s  

t y p e   of   d r i v e r   has   t h e   a d v a n t a g e   t h a t   i t s   d e l a y   i n -  

c r e a s e s   v e r y   s l o w l y   as  t h e   s i z e   of  t h e   c h a r a c t e r i s t i c  

c a p a c i t a n c e   3  g o e s   up  as  h e a v i e r   and  h e a v i e r   l o a d s   a r e  

d r i v e n .  

The  o u t p u t   d r i v e r   of  F i g .   1  i s   p a r t i c u l a r l y   u s e f u l   i n  

c o n n e c t i o n   w i t h   l o g i c   d e v i c e s   known  as  p r o g r a m m e d  

a r r a y   l o g i c .   R e f e r r i n g   to   F i g .   2  a  p r o g r a m m e d   a r r a y  

l o g i c   c h i p   i s   i l l u s t r a t e d .   The  c h i p   o u t l i n e   i s   s c h e -  

m a t i c a l l y   shown  as  e l e m e n t   20,  t h e   "AND"  l o g i c   o r  

"SEARCH"  s e c t i o n   i s   s c h e m a t i c a l l y   shown  as  e l e m e n t   2 1 ,  

t h e   "OR"  l o g i c   or  "READ"  s e c t i o n   i s   shown  as  e l e m e n t  

22  and  t h e   "PREARRAY"  l o g i c   s e c t i o n   i s   s c h e m a t i c a l l y  

shown  as  e l e m e n t   23  w i t h   some  i n p u t s   and  o u t p u t s  

i l l u s t r a t e d .  

The  p u s h - p u l l   d r i v e r   of  F i g .   1  i s   p a r t i c u l a r l y   v a l u -  



a b l e   in  t h e   PLA  of  F i g .   2  b e c a u s e   of  t h e   l a r g e   c a p a -  

c i t a n c e   d r i v e n   by  t h e   p r e a r r a y   l o g i c   o u t p u t   of  s e c t i o n  

23.  T h i s   c a p a c i t a n c e   i s   c a u s e d   by  t h e   l a r g e   n u m b e r   o f  

d e v i c e s   w i t h i n   t h e   "AND"  l o g i c   or  "SEARCH"  s e c t i o n   21  

w h i c h   m u s t   be  d r i v e n   by  t h e   p r e a r r a y   l o g i c .  

The  a d v a n t a g e   g a i n e d   as  c a p a c i t a n c e   i n c r e a s e s   i s   i l l u s -  

t r a t e d   in  c o n n e c t i o n   w i t h   t h e   g r a p h   of  F i g .   3  w h i c h  

shows  t h a t   a  d e l a y   in  s w i t c h i n g   i s   d i r e c t l y   a s s o c i a t e d  

w i t h   t h e   c a p a c i t a n c e   of  t h e   a r r a y .   In  F i g .   3  f o r   t h e  

c o n d i t i o n   w h e r e   s t a n d a r d   l o g i c   i s   u s e d   in  t h e   "PREARRAY" 

s e c t i o n ,   t h e   r i s i n g   d e l a y   i s   shown  d o t t e d   and  l a b e l l e d  

A,  t h e   f a l l i n g   d e l a y   i s   shown  d o t t e d   and  l a b e l l e d   B .  

The  a v e r a g e   of  r i s i n g   and  f a l l i n g   i s   l a b e l l e d   C  w h i c h  

i s   a  s o l i d   l i n e .   In  c o n t r a s t ,   when  t h e   p u s h - p u l l   d r i v e r  

of  F i g .   1  i s   i n c o r p o r a t e d   in   a  p a r t i t i o n i n g   c i r c u i t ,   a  

s u b s t a n t i a l   r e d u c t i o n   in  d e l a y   i s   i l l u s t r a t e d .   T h e  

r i s i n g   d e l a y   i s   l a b e l l e d   D  and  i s   shown  d o t t e d ,   t h e  

f a l l i n g   d e l a y   shown  d o t t e d   and  l a b e l l e d   E  and  t h e  

a v e r a g e   d e l a y   i s   shown  s o l i d   and  l a b e l l e d   F.  T h e  

a d v a n t a g e   i n c r e a s e s   as  t h e   t o t a l   c a p a c i t a n c e   g o e s   u p .  

In  o t h e r   w o r d s ,   as  t h e   a r r a y   b e c o m e s   l a r g e r   and  l a r g e r ,  

t h e   s e p a r a t i o n   b e t w e e n   t h e   s t a n d a r d   l o g i c   d e l a y   and  t h e  

p a r t i t i o n i n g   d r i v e r   d e l a y   b e c o m e s   g r e a t e r   and  g r e a t e r  

and  t h e   a d v a n t a g e   i n c r e a s e s .  

R e f e r r i n g   n e x t   to  F i g .   4  s c h e m a t i c   i s   shown  of  a  t y p i -  

c a l   p a r t i t i o n i n g   d r i v e r   w h e r e i n   f o r   i l l u s t r a t i o n ,   2 

l o g i c   v a r i a b l e s   A  and  B  a r e   p a s s e d   t h r o u g h   i n v e r t e r s  

30,  31,  r e s p e c t i v e l y   and  t h e   i n v e r t e d   o u t p u t s   c o m b i n e d  

w i t h   t h e   o r i g i n a l   v a r i a b l e s   a r e   t h e n   a p p l i e d   to  l o g i c  

c i r c u i t s   32  t h r o u g h   35,  t h e   o u t p u t   of  w h i c h   e n t e r   d r i v e r  

c i r c u i t s   36  to  39  w h i c h   in  t u r n   e n t e r   t e r m i n a l s   40  

to  43.  At  t e r m i n a l   40  t h e   l o g i c a l   f u n c t i o n   A ' o r   B  i s  

p r e s e n t   a t   t e r m i n a l   41,  t h e   l o g i c a l   f u n c t i o n   A  o r   B  i s  



p r e s e n t ,   a t   t e r m i n a l   42  t h e   l o g i c   f u n c t i o n   A  or  B  i s  

p r e s e n t   and  a t   t e r m i n a l   43  t h e   l o g i c   f u n c t i o n   A  or   B 

i s   p r e s e n t .  

R e f e r r i n g   n e x t   to  F i g .   5  an  i l l u s t r a t i o n   f o r   one  t e r m i -  

n a l   in  t h i s   c a s e   t e r m i n a l   42  of  F i g .   4,  i s   shown  of  how 

t h e   p u s h - p u l l   d r i v e r   of  F i g .   1  i s   i n c o r p o r a t e d   i n t o   t h e  

c i r c u i t r y .  

In  F i g .   5  t h e   v a r i a b l e   A  i s   a p p l i e d   a t   t h e   g a t e   o f  

t r a n s i s t o r   45  w h i c h   i s   c o n n e c t e d   b e t w e e n   a  r e f e r e n c e  

p o t e n t i a l   and  a  d r i v e   p o t e n t i a l   and  V  t h r o u g h   a  l o a d  

w h i c h   i s   i l l u s t r a t e d   as  a  d e p l e t i o n   mode  t r a n s i s t o r   4 6 .  

The  i n v e r t e d   o u t p u t   of  v a r i a b l e   A  is   t h e n   a p p l i e d   t o  

t h e   g a t e   of  a  t r a n s i s t o r   47  w h i c h   in  t u r n   i s   c o n n e c t e d  

t h r o u g h   a  l o a d   t r a n s i s t o r   48  to   d r i v e   p o t e n t i a l   V.  T h e  

v a r i a b l e   B  i s   i m p r e s s e d   a t   t h e   g a t e   of  a  t r a n s i s t o r   4 9 .  

The  d r a i n s   of  t r a n s i s t o r s   47  and  49  a r e   c o m b i n e d   t h r o u g h  
l o a d   t r a n s i s t o r   48  to  d r i v e   p o t e n t i a l   V.  At  t h i s   p o i n t  
t h e   d r i v e r   as  i s   i l l u s t r a t e d   in  F i g .   1  i s   i n c o r p o r a t e d .  

U s i n g   t h e   same  n u m e r a l s   as  F i g .   1,  t h e   s i g n a l   i s   a p p l i e d  

to  t h e   g a t e   10  of  t r a n s i s t o r   11  w h i c h   i s   c o n n e c t e d   t o  

p o t e n t i a l   V  t h r o u g h   d e p l e t i o n   node   t r a n s i s t o r   1 3 .  

The  i n v e r t e d   o u t p u t   of  t r a n s i s t o r   11  i s   c o n n e c t e d   t o  

g a t e   1 6  o f   t r a n s i s t o r   5  and  t h e   s i g n a l   a p p e a r i n g   a t  

t h e   d r a i n s   of  t r a n s i s t o r s   47  and  49  i s   a l s o   i m p r e s s e d  

a t   t h e   g a t e   9  of   t r a n s i s t o r   6.  Wi th   t h i s   a r r a n g e m e n t  
t h e   l o g i c a l   f u n c t i o n   A  or   B  a p p e a r s   a t   t e r m i n a l   42.  T h e  

d r i v i n g  s t a g e   i n v o l v i n g   s e r i a l l y   c o n n e c t e d   t r a n s i s t o r s  

5  a n d  6  i s   s u c h   t h a t   o n l y   one  of  t h e   t r a n s i s t o r s   5  o r  
6  i s   on  a t   any  g i v e n   t i m e .   Thus  o n l y   t r a n s i s t o r   6  i s  

on  when  o u t p u t   42  i s   h i g h   or  c h a r g i n g   to   a  h i g h   l e v e l  

and  o n l y   t r a n s i s t o r   5  i s   on  w h e n  o u t p u t   42  i s   low  o r  

f a l l i n g   low.   S i n c e   b o t h   t r a n s i s t o r s   5  and  6  a r e   n e v e r  



on  s i m u l t a n e o u s l y ,   a  p a t h   n e v e r   e x i s t s   b e t w e e n   t h e   d r a i n  

of  t r a n s i s t o r   6  and  t h e   s o u r c e   of   t r a n s i s t o r   5.  T h i s  

e l i m i n a t e s   any  d . c .   p o w e r   d i s s i p a t i o n   in   t h e   o u t p u t  

s t a g e   of  t h e   p u s h - p u l l   d r i v e r .   The  s p e c i f i c a t i o n s   o f  

t r a n s i s t o r s   5  and  6  can   be  s e l e c t e d   to  more  e f f i c i e n t l y  

s w i t c h   t h e   l o a d   a t   t e r m i n a l   42  as  t h e   "SEARCH"  s e c t i o n  

21  of  t h e   a r r a y   of  F i g .   2  b e c o m e s   l a r g e r .  

I t   s h o u l d   be  n o t e d   t h a t   t h e   c o m b i n a t i o n   of  t r a n s i s t o r s  

47  and  49  l o g i c   i n p u t s   w i t h   t h e   d r i v e r   t r a n s i s t o r s   1 1 ,  

13,  5  and  6  p r o v i d e s   an  a d v a n t a g e o u s   l o g i c a l   c o m b i n a t i o n  

w h e r e i n   t h e   c a p a c i t a n c e   a t   t h e   p o i n t s   w h e r e   t h e   l o g i c  

s i g n a l s   A  and  B  a p p e a r   i s   n o t   a f f e c t e d   and  i s   i s o l a t e d  

f rom  t h e   c a p a c i t a n c e   e f f e c t   of  t h e   d r i v e   s t a g e   made  u p  
of  t r a n s i s t o r s   11,  13,  5  and  6 .  

R e f e r r i n g   n e x t   to  F i g .   6  an  e x p a n d e d   v i e w   is   p r o v i d e d  

of  t h e   e n t i r e   p a r t i t i o n i n g   d r i v e r .   In  a c c o r d a n c e   w i t h  

t h e   i n v e n t i o n ,   e a c h   l o g i c   v a r i a b l e   i s   i n v e r t e d   a n d  

b o t h   t h e   i n v e r t e d   v a l u e   and  t h e   v a l u e   i t s e l f   i s   c o m b i n e d  

in  a  l o g i c   c i r c u i t   w i t h   a  d r i v e r   in   s e r i e s .   Thus  a l l  

l o g i c   c o m b i n a t i o n s   of  t h e   l o g i c   v a r i a b l e s   p r e s e n t   i s  

p r o v i d e d .   T h i s   i s   i l l u s t r a t e d   in  c o n n e c t i o n   w i t h   F i g .   6 

a g a i n   u s i n g   two  v a r i a b l e s   A  and  B  and  u s i n g   t h e   t e r m i n -  

o l o g y   e m p l o y e d   in  p r e v i o u s   f i g u r e s .   In  F i g .   6  w h i l e   t h e  

d e v i c e   n u m e r a l s   can   be  c o r r e l a t e d   w i t h   p r e v i o u s   f i g u r e s ,  

d o t t e d   d e s i g n a t i o n s   a r e   shown  f o r   s t a g e s   to   i m p r o v e  

c l a r i t y .   The  v a r i a b l e   A  i s   i n v e r t e d   in  a  s t a g e   s h o w n  

d o t t e d   and  l a b e l l e d   30  y i e l d i n g   t h e   v a l u e   A.  S i m i l a r l y ,  

t h e   v a l u e   B  i s   i n v e r t e d   in  a  s t a g e   l a b e l l e d   31.  T h e  

o u t p u t s   of  t h e   s t a g e s   30  and  31  l a b e l l e d   A  and  B,  

r e s p e c t i v e l y ,   and  t he   o r i g i n a l   v a r i a b l e s   A  and  B  a r e  

t h e n   s p r e a d   i n t o   f o u r   s e p a r a t e   p a t h s   t e r m i n a t i n g   i n  

t e r m i n a l s   40  to  43  c o r r e s p o n d i n g   to  t h o s e   t e r m i n a l  

n u m e r a l s   u s e d   in  F i g .   4.  The  i n d i v i d u a l   p a t h s   e n t e r  



i n t o   i n d i v i d u a l   l o g i c   s e c t i o n s   l a b e l l e d   32  t h r o u g h   35  

and  t h e   o u t p u t   of  e a c h   l o g i c   s e c t i o n   i s   in   t u r n   f ed   t o  

d r i v e r s   36  t h r o u g h   3 9 .  

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   t h e   p u s h - p u l l   d r i v e r  

b e c o m e s   an  i n t e g r a l   p o r t i o n   of  t h e   o v e r a l l   b i t   p a r t i -  

t i o n i n g   c i r c u i t   and  t h e   c o m b i n a t i o n   p r o v i d e s   t h e   a d v a n -  

t a g e s   when  i n c o r p o r a t e d   in   p r e a r r a y   l o g i c   s e c t i o n   of  a  

p r o g a m m e d - a r r a y   l o g i c   d e v i c e .   F u r t h e r ,   in   a c c o r d a n c e  

w i t h   t h e   i n v e n t i o n ,   a  p r o g r a m m e d   l o g i c   a r r a y   in   w h i c h  

t h e   o p e r a t i n g   s e c t i o n s   a r e   d i f f e r e n t   in   f u n c t i o n   o r  
s i z e   and  h e n c e   w i l l   h a v e   s u b s t a n t i a l   d i f f e r e n c e s   i n  

c a p a c i t a n c e ,   w i l l   be  m a t e r i a l l y   e n h a n c e d   i f   t h e   i n d i -  

v i d u a l   p o r t i o n s   of  t h e   a r r a y   a r e   s e p a r a t e d   and  i s o l a t i n g  

c i r c u i t r y   i s   e m p l o y e d   in  j o i n i n g   t h e   s e c t i o n s .  

The  u se   of  an  i s o l a t i o n   c i r c u i t r y   as  s e t   f o r t h   in   s a i d  

B l a z e r   and  C o n r a d   p u b l i c a t i o n ,   w i l l   p r o v i d e   an  a d v a n t a g e  
in  t h a t   t h e   i n d i v i d u a l   s i g n a l   s w i n g s   no  l o n g e r   a r e  

r e q u i r e d   to   t r a v e r s e   t h e   f u l l   v o l t a g e   w i t h   a  c o n s e q u e n t  

i m p r o v e m e n t   in   t h e   c h a r g i n g   c u r r e n t   f o r   d i s t r i b u t e d  

c a p a c i t a n c e .  

The  i s o l a t i n g   c o n c e p t   i s   i l l u s t r a t e d   in  F i g .   7  w h e r e i n  

t h e   c a p a c i t a n c e   b e i n g   c h a r g e d   t h r o u g h   a  l o a d   r e s i s t o r  

c o n n e c t e d   to  node   b  or  d i s c h a r g e d   t h r o u g h   d e v i c e s   5 0 A ,  

50B  or   50C  in  s e c t i o n   50  has   b e e n   d i v i d e d   i n t o   a  

c a p a c i t a n c e   C0  52  and  a  c a p a c i t a n c e   C1  53  by  t h e  

t r a n s f e r   or  i s o l a t i n g   d e v i c e   54.  The  p u r p o s e   of  t h i s  

i s o l a t i n g   d e v i c e   54  b e c o m e s   c l e a r   when  one  c o n s i d e r s  

t h e   c h a r g i n g   and  d i s c h a r g i n g   of  c a p a c i t o r   Co  52  a n d  

c1  53.  D u r i n g   a  c h a r g i n g   o p e r a t i o n ,   d e v i c e s   50A  t h r o u g h  

50C  a r e   in  t h e   " O f f "   s t a t e .   Node  6  and  h e n c e   c a p a c i t o r  

C1  53  w i l l   c h a r g e   to  a  v o l t a g e   V  t h r o u g h   t h e   l o a d  

r e s i s t o r .   H o w e v e r ,   node   a  or  c a p a c i t o r   C0  52  w i l l  



c h a r g e   o n l y   to  some  f r a c t i o n   of  v o l t a g e   V  b e c a u s e   o f  

t h e   i s o l a t i n g   d e v i c e   54.  The  t h r e s h h o l d   v o l t a g e   a n d  

g a t e   v o l t a g e   of  d e v i c e   54  a r e   s u c h   t h a t   d e v i c e   54  t u r n s  

" O f f "   when  c a p a c i t o r   Co  52  or  node   a  r e a c h e s   s o m e  

f r a c t i o n   of   t h e   s u p p l y   v o l t a g e   V.  I f   c a p a c i t o r  

C 0 > C 1   t h i s   w i l l   g r e a t l y   r e d u c e   t h e   t i m e   r e q u i r e d   t o  

c h a r g e   c a p a c i t o r   C1  53  and  C0  52.  C o n v e r s e l y   d u r i n g   t h e  

d i s c h a r g e   p o r t i o n   of  t h e   c y c l e   when  any  or   a l l   of  t h e  

d e v i c e s   50A  t h r o u g h   50C  a r e   "On"  c a p a c i t o r   Co  52  h a s  

o n l y   some  f r a c t i o n   of  t h e   s u p p l y   v o l t a g e   V  a c r o s s   i t  

i n i t i a l l y   and  w i l l ,   t h e r e f o r e ,   d i s c h a r g e   more  q u i c k l y  

t h a n   i f   i t   had  t h e   f u l l   v o l t a g e   s w i n g   V  to  f a l l .   Now,  

i f   C 0 > C 1  t h e   d i s c h a r g e   w i l l   be  f a s t e r   w i t h   t h e   i s o l a -  

t i n g   d e v i c e   54  t h a n   w i t h o u t   i t .   T h e r e f o r e ,   in  t h o s e  

s i t u a t i o n s   w h e r e   c a p a c i t o r   Co  r e p r e s e n t s   a  s i g n i f i c a n t  

p o r t i o n   of  t h e   t o t a l   node   a  c a p a c i t a n c e   i s o l a t i n g  

d e v i c e   54  e n h a n c e s   t h e   c i r c u i t   p e r f o r m a n c e   by  r e d u c i n g  

t h e   v o l t a g e   s w i n g   on  p a r t   of  t h e   node   c a p a c i t a n c e .   I t  

s h o u l d   be  n o t e d   t h a t   e v e n   in  t h e   s i t u a t i o n   w h e r e   Co  i s  

l e s s   t h a n   or  e q u a l   to  C1  an  a d v a n t a g e   i s   g a i n e d .  

R e f e r r i n g   n e x t   to  F i g .   8  in  a c c o r d a n c e   w i t h   t h e   i n v e n -  

t i o n ,   t h e   i s o l a t i n g   c i r c u i t   d e s c r i b e d   in  F i g .   7  i s  

shown  s c h e m a t i c a l l y   a p p l i e d   to  a  p r o g r a m m e d   a r r a y   l o g i c  

d e v i c e .   In  t h i s   d e v i c e   in   a  s c h e m a t i c   c h i p   20  t h e   i n -  

p u t s   a r e   shown  to  t h e   p r e a r r a y   l o g i c   e l e m e n t   23  c o n -  

t a i n i n g   t h e   p a r t i t i o n i n g   d r i v e r   as  s e t   f o r t h   in   F i g s .  

1,  4,  5  and  6.  In  t h e   "AND"  l o g i c   or   "SEARCH"  s e c t i o n  

p a r t   of  t h e   a r r a y   l a b e l l e d   21,  an  e x a m p l e   l i n e   56  i s  

shown .   The  o u t p u t   on  t h e   t y p i c a l   l i n e   57  i s   c o n n e c t e d  

to  t h e   s o u r c e   of  a  FET  i s o l a t i n g   t r a n s i s t o r   54  w h i c h  

has   i t s   g a t e   c o n n e c t e d   to  a  r e f e r e n c e   p o t e n t i a l   t o  

e s t a b l i s h   a  t h r e s h o l d   as  p r e v i o u s l y   d e s c r i b e d .   T h e r e   i s  

one  t r a n s i s t o r   of  t h e   e l e m e n t   54  t y p e   f o r   e a c h   l i n e  

b e t w e e n   S e c t i o n s   21  and  22.  L i n e   59  c o n n e c t e d   to  t h e  



d r a i n   of  t r a n s i s t o r   54  and  to  a  d r i v e   V  t h r o u g h   a  

r e s i s t o r   t h e n   e n t e r s   t h e   "OR"  l o g i c   or  "READ"  a r r a y   22 

w h e r e   i t   d r i v e s   t h e   g a t e   of  t r a n s i s t o r s   in  t h e   "READ" 

a r r a y .   The  t r a n s i s t o r   60  has   i t s   d r a i n   c o n n e c t e d   t o  

l i n e   61  w h i c h   in  t u r n   g o e s   t h r o u g h   an  i s o l a t i n g   t r a n s -  

i s t o r   54A  and  t h r o u g h   an  i n v e r t e r   62  to  an  o u t p u t   w i t h  

t h e   d r a i n   of   t h e   t r a n s i s t o r   54A  a l s o   c o n n e c t e d   to  a  

d r i v e   v o l t a g e   t h r o u g h   a  r e s i s t o r .  

The  c o m b i n a t i o n   of  t h e   p u s h - p u l l   d r i v e r   w i t h   t h e   l o g i c  

as  d e s c r i b e d   in  F i g s .   1,  4,  5  and  6  and  t h e   i s o l a t i n g  

c i r c u i t   of  F i g .   7  r e s u l t s   in  t h e   h i g h   p e r f o r m a n c e  

p r o g r a m m e d   l o g i c   a r r a y   of  F i g .   8.  T h i s   can   be  s e e n  

when  one  c o n s i d e r s   t h e   v a r i o u s   c a p a c i t a n c e   in  t h e  

p r o g r a m m e d   l o g i c   a r r a y   s t r u c t u r e .   The  p r e a r r a y   l o g i c  

c i r c u i t   23  w h i c h   d r i v e s   t h e   i n p u t   "AND"  a r r a y   s i g n a l  

l i n e   56  i s   c h a r a c t e r i z e d   by  a  l a r g e   f a n o u t   w h i c h   r e s u l t  

in   a  l a r g e   c a p a c i t a n c e   on  l i n e   56  t h e   o u t p u t   l i n e   o f  

t h e   p r e a r r a y   c i r c u i t .   The  u se   of   t h e   "NOR"  p u s h - p u l l  

d r i v e   f o r   t h e   p r e a r r a y   l o g i c   c i r c u i t   m i n i m i z e s   t h e   t i m e  

r e q u i r e d   to   d r i v e   t h e   c a p a c i t a n c e   s i n c e   t h e   "NOR" 

p u s h - p u l l   d r i v e r   i s   i d e a l l y   s u i t e d   f o r   d r i v i n g  

l a r g e   o u t p u t   c a p a c i t a n c e .   T h i s   has   a l r e a d y   b e e n  

d e s c r i b e d   in  F i g s .   1,  4,  5  and  6 .  

T y p i c a l   p r o g r a m m e d   a r r a y   l o g i c   s t r u c t u r e s   a r e  

c h a r a c t e r i z e d   by  h i g h   f a n i n   c a p a c i t a n c e   in  t h e   "AND" 

a r r a y ,   l i n e   57,  and  low  f a n o u t   c a p a c i t a n c e   on  t h e   i n -  

p u t   to   t h e   "OR"  a r r a y ,   l i n e   59.  Thus   when  i s o l a t i n g ,  

d e v i c e   54  i s   u s e d   b e t w e e n   t h e   "AND"  and  "OR"  a r r a y s   a  

c o n s i d e r a b l e   p e r f o r m a n c e   i m p r o v e m e n t   i s   s e e n   as  a l r e a d y  

d e s c r i b e d   in  F i g .   7.  An  i d e n t i c a l   c o n d i t i o n   e x i s t s   i n  

t h e   o u t p u t   l i n e   of  t h e   "OR"  a r r a y .   O u t p u t   l i n e   61  o f  

t h e   "OR"  a r r a y   i s   c h a r a c t e r i z e d - b y   a  l a r g e   f a n i n   a n d  

w i r i n g   c a p a c i t a n c e .   By  p l a c i n g   an  i s o l a t i n g   d e v i c e  



54a  b e t w e e n   l i n e   61  and  t h e   o u t p u t   s e g m e n t   of  t h e  

l i n e   63,  c o n s i d e r a b l e   p e r f o r m a n c e   i m p r o v e m e n t   i s   a g a i n  

a c h i e v e d   by  t he   m e t h o d   d e s c r i b e d   in  F i g .   7.  What  h a s  

been   done   is   to  use   t h e   "NOR"  p u s h - p u l l   d r i v e r   in  t h e  

p r e a r r a y   l o g i c   c i r c u i t   w h e r e   t h e r e   i s   h i g h   f a n o u t   a n d  

the   i s o l a t i n g   c i r c u i t   in  t h e   "AND"  and  "OR"  a r r a y s  

where   t h e r e   is  g e n e r a l l y   h i g h   f a n i n .   Each  of  t h e s e  

m i r o n i t s   has  a d v a n t a g e s   in  t h e s e   e n v i r o n m e n t s   and  t h e  

c o m b i n a t i o n   r e s u l t s   in  a  h i g h   p e r f o r m a n c e   low  p o w e r  
s t a t i c   PLA  w h i c h   o t h e r w i s e   w o u l d   n o t   be  a c h i e v a b l e .  

What  has   b e e n  d e s c r i b e d   is  a  t e c h n i q u e   of  a s s e m b l i n g  

SET  l o g i c   w h e r e i n   a  p u s h - p u l l   d r i v e r   may  be  i n c o r p o -  

wa t ed   i n t o   a  p r s a r r a y   p a r t i t i o n i n g   c i r c u i t   wh ich   i n  

s u r n   w i t h   a  i s o l a t i o n   t y p e   c i r c u i t r y   p r o v i d e s   a n  

e x t r e m e l y   s e n s i t i v e   and  h i g h   p e r f o r m a n c e   p r o g r a m m e d  

a r r a y   l o g i c .  



1.  A  p u s h - p u l l   d r i v e r   c i r c u i t   d e s i g n e d   to  d r i v e   a  

l o a d   h a v i n g   a  d i s t r i b u t e d   c a p a c i t a n c e   ( 3 )  

c h a r a c t e r i z e d   b y  

f i r s t   (6)  and  s e c o n d   (5)  f i e l d   e f f e c t   t r a n s i s t o r s  

c o n n e c t e d   in  s e r i e s   s o u r c e - t o - d r a i n   b e t w e e n   a  r e f e r e n c e  

p o t e n t i a l   (4)  and  a  d r i v e   v o l t a g e   ( 7 ) ,   an  o u t p u t   ( 2 )  

c o n n e c t e d   to  t h e   j u n c t i o n   b e t w e e n   s a i d   f i r s t   and  s e c o n d  

t r a n s i s t o r s ,   an  i n p u t   (1)  c o n n e c t e d   to  t h e   g a t e   (9)  o f  

s a i d   f i r s t   t r a n s i s t o r ,   and  i n v e r t i n g   means   ( 1 0 - 1 4 )  

a p p l y i n g   t h e   i n v e r s i o n   of  t h e   i n p u t   to  t h e   g a t e   ( 1 6 )  

of  s a i d   s e c o n d   t r a n s i s t o r .  

2.  A  c i r c u i t   of  c l a i m   1 ,  

c h a r a c t e r i z e d   i n  

t h a t   s a i d   i n v e r t i n g   means   c o m p r i s e s   a  t h i r d   f i e l d  

e f f e c t   t r a n s i s t o r   (11)  h a v i n g   i t s   g a t e   (10)  c o n n e c t e d  

to  t h e   c i r c u i t   i n p u t   (1)  and  h a v i n g   i t s   o u t p u t   ( 1 5 )  

c o n n e c t e d   to  t h e   g a t e   (16)  of  s a i d   s e c o n d   t r a n s i s t o r  

( 5 ) .  

3.  A  c i r c u i t   of  c l a i m   1 ,  

c h a r a c t e r i z e d   i n  

t h a t   s a i d   i n p u t   (1)  c o m p r i s e s   a  l o g i c   c i r c u i t   ( 3 2 - 3 5 ) .  

4.  A  c i r c u i t   of   c l a i m   3 ,  

c h a r a c t e r i z e d   i n  

t h a t   s a i d   i n p u t   c o m p r i s e s   an  i n v e r t e r   (45)  and  a  "NOR" 

c i r c u i t   (47,   4 9 ) .  

5.  A  p r o g r a m m e d   l o g i c   a r r a y   (20)  i n c l u d i n g   a  p u s h -  

p u l l   d r i v e r   c i r c u i t   of  c l a i m   1 ,  

c h a r a c t e r i z e d   b y  

a  p r e a r r a y   l o g i c   s e c t i o n   (23)  i n p u t   h a v i n g   a t   l e a s t   o n e  



p u s h - p u l l   d r i v e r   c i r c u i t ,   an  "AND"  (SEARCH)  s e c t i o n  

(21)  and  an  "OR"  (READ)  s e c t i o n   (22)  o u t p u t .  

6.  A  l o g i c   a r r a y   of  c l a i m   5 ,  

c h a r a c t e r i z e d   i n  

t h a t   s a i d   p r e a r r a y   l o g i c   s e c t i o n   (23)  i n c l u d e s   a t   l e a s t  

one  l o g i c   c i r c u i t   b l o c k   c o m p r i s i n g   i n v e r t e r   c i r c u i t s  

(30,  3 1 ) ,   "NOR"  c i r c u i t s   ( 3 2 - 3 5 )   and  p u s h - p u l l   d r i v e r s  

( 3 6 - 3 9 ) ,   and  h a v i n g   as  i n p u t   two  s i g n a l   l i n e s   (A,  B) 

and  as  o u t p u t   f o u r   s i g n a l   l i n e s   ( 4 0 - 4 3 )   r e p r e s e n t i n g  

t he   l o g i c a l   c o m b i n a t i o n s   o f  t h e   i n p u t   s i g n a l   v a r i a b l e s  

(A,  B)  and  t h e i r   c o m p l e m e n t   v a l u e s   (A,  B ) .  

A  l o g i c   a r r a y   of  c l a i m   5 ,  

c h a r a c t e r i z e d   b y  

an  i s o l a t i o n   t y p e   c i r c u i t r y   c o m p r i s i n g   a  f i e l d   e f f e c t  

t r a n s i s t o r   (54)  h a v i n g   i t s   g a t e   c o n n e c t e d   to  r e f e r e n c e  

p o t e n t i a l   and  h a v i n g   i t s   s o u r c e   c o n n e c t e d   to  s a i d  

"AND"  (SEARCH)  s e c t i o n   (21)  and  i t s   d r a i n   c o n n e c t e d   t c  

s a i d   "OR"  (READ)  s e c t i o n .  

8.  A  l o g i c   a r r a y   of  c l a i m   5 ,  

c h a r a c t e r i z e d   b y  

an  i s o l a t i n g   d e v i c e   (54a)   p l a c e d   b e t w e e n   an  o u t p u t   l i n e  

(61)  of  t h e   "OR"  s e c t i o n   (22)  and  an  o u t p u t   d e v i c e   ( 6 2 ,  

63)  f o r   t h e   l o g i c   a r r a y .  
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